Wetlands are naturally patchy habitats, but patchiness has been accentuated by the extensive wetlands loss due to human activities. In such a fragmented habitat, dispersal ability is especially important to maintain gene flow between populations. Here we studied population structure, genetic diversity and demographic history of Iberian and North African populations of two wetland passerines, the Eurasian reed warbler Acrocephalus scirpaceus and the moustached warbler Acrocephalus melanopogon. These species are closely related and sympatric in our study sites, but the reed warbler is a long-distance migrant and widespread bird while the moustached warbler is resident or migrates over short distances, and breeds across a more discontinuous range. Using microsatellites and mtDNA data, we found higher population differentiation in moustached than in reed warbler, indicating higher dispersal capability of the latter species. Our results also suggest that the sea limits dispersal in the moustached warbler. For both species, we found evidence of gene flow between study sites, indicating the capability of compensating for habitat fragmentation.
Introduction
Habitat fragmentation consists of reduction of the total habitat area and creation of separate patches from a wider continuous distribution (Frankham et al. 2010) . The consequences of habitat fragmentation on the demographic and genetic structure of a natural population vary according to both landscape features (degree of habitat isolation, type of matrix between fragments) and species characteristics (population size and density, dispersal ability, stress tolerance; Matthysen et al. 1995 , Newton 1998 , Bohonak 1999 , Desrochers et al. 1999 , Galbusera et al. 2004 . Wetlands are patchy habitats immersed in a terrestrial matrix, and this natural characteristic of discontinuity has been accentuated by the extensive habitat destruction caused by human activities (Finlayson et al. 1992 , Van Vessem et al. 1997 , Paracuellos and Telleria 2004 , Silva et al. 2007 , Laurence 2010 . In such a scattered habitat, the dispersal ability of a species is crucial to produce sufficient gene flow to reduce the impact of population fragmentation. Lack of gene flow between fragmented populations can lead to loss of genetic diversity (e.g. Kvist et al. 2011 ), inbreeding and consequently higher extinction risk compared to a continuous population (Frankham et al. 2010) . Dispersal ability of birds is generally high (Koenig et al. 1996 , Frankham et al. 2010 ), but detailed species-specific estimates are difficult to obtain. This is largely due to practical difficulties; studying dispersal over large distances requires large-scale marking schemes (Paradis et al. 1998 , Hansson et al. 2002 , and structure and population history of the study species in Iberia (and also in North Africa for the reed warbler), 2) to assess the possible effects of habitat fragmentation on the genetic diversity and structure of the study populations and 3) to compare the results obtained for the two species, taking into account especially their differences in migration strategy and population size.
Methods

Sampling and DNA extraction
We obtained blood samples from birds mist-netted during the breeding season of 2012-2013 at four study areas: the Pego-Oliva Natural Park (38°51' N -0°03' W), S'Albufera de Mallorca (39°47' N -3°06' E) and Villafranca de los Caballeros (39°27' N -3°19' W) in Spain and Larache (35°08' N -6°05' W) in Morocco ( Fig. 1) . At the last site, the breeding population of moustached warbler is small and we captured no individuals. Blood drops (5-15 µl) were obtained from the brachial vein and stored in 96% ethanol. Overall, we sampled 54 moustached warblers and 68 reed warblers. We extracted DNA using UltraClean Ppi2 (Martínez et al. 1999, Pica pica) , Aar4, Aar5 (Hansson et al. 2000 , Acrocephalus arundinaceus), FhU2 (Ellegren 1992, Ficedula hypoleuca), Pca3 (Dawson et al. 2000 , Cyanistes caeruleus), Pdoµ1 (Neumann and Wetton 1996, Passer domesticus), Cuµ28 (Gibbs et al. 1999, Catharus ustulatus) , Gf05 (Petren 1998 , Geospiza fortis), Pdo5 (Griffith et al. 1999, P. domesticus) and ZL54 (Frentiu et al. 2003, Zosterops lateralis) . In the case of the moustached warbler, we successfully amplified eight polymorphic loci: Ase18 (Richardson et al. 2000, A. sechellensis) , Aar4, Pdo5, Ppi2, ZL54, Pocc2, Pca3 and Ase25. Details on the Polymerase Chain Reaction (PCR) are available in the online supplementary material. We ran the PCR products with ABI PRISM 3730 DNA Analyzer (Applied Biosystems) and scored them with GeneMapper 4.0. We checked the data with the program MICROCHECKER 2.2.3 (van Oosterhout et al. 2004) for possible genotyping errors (null alleles, scoring errors due to stuttering, large allele dropouts).
1997, Phylloscopus occipitalis),
Mitochondrial DNA For reed warblers we amplified 473 bp of the mitochondrial cytochrome oxidase CO1 using primers CO1F and CO1R (Hebert et al. 2004 ). For moustached warblers we amplified 623 bp of the CO1 using primers CO1F and CO1R2 (Kerr et al. 2007) . Details on the PCR procedures are available in the online supplementary material. For reed warblers, we sequenced both strands, while for moustached warblers we sequenced all individuals with forward and 26 individuals also with reverse primers. We used the BigDye
Microsatellites
We tested the possible deviations from the Hardy-Weinberg and linkage equilibrium with GENEPOP 4.2 (Raymond and Rousset 1995, Rousset 2008) , for each sampling site and for the total sample of both species. For the same groups we calculated the expected heterozygosity (H e ) with Arlequin 3.5.1 (Excoffier et al. 2010 ) and inbreeding coefficient (F IS ) and allelic richness (A) with FSTAT 2.9.3 (Goudet 1995) .
To infer the population genetic structure we used the program STRUCTURE 2.3.4 (Pritchard et al. 2000 , Falush et al. 2003 ). This program is based on a Bayesian approach and allows estimation of the most probable number of distinct genetic clusters (K) in the data set. We chose a model with population admixture and correlated allele frequencies (Falush et al. 2003) , and performed the analysis without any prior spatial information. We performed ten independent runs for each value of K between 1 and 10, with a burn-in period of 50000 iterations and 500000 Markov chain Monte Carlo (MCMC) replications. Furthermore, we calculated the ad hoc statistic ΔK from the STRUCTURE results as described by Evanno et al. (2005) , to better assess the real number of genetic clusters. We investigated population differentiation also by calculating pairwise F ST values between each of the sampling sites using the program Arlequin.
We explored the spatial genetic structure with the program SPAGeDi 1.4 (Hardy and Vekemans 2002), using the Loiselle kinship coefficient (Loiselle et al. 1995) and four (reed warbler)/three (moustached warbler) distance classes. The spatial coordinates of the individuals corresponded to the coordinates of the four sampling sites, and we built distance classes to include one site per class. To obtain information about current dispersal between populations, we carried out an assignment analysis and looked for first generation migrants with the program GENECLASS 2 (Piry et al. 2004) . We used the Bayesian individual assignment methods by Rannala and Mountain 7 121 122 123 124 125 (1997) and the simulation algorithm of Paetaku et al. (2004) . For both assignment analysis and first generation migrant detection, we used 1000 replicates, alpha level for the MCMC simulations at 0.01 and assignment threshold at 0.05.
Genetic data from population samples carry also information about population history. First, we looked for past bottlenecks by means of the program BOTTLENECK 1.2.02 (Cornuet et al. 1996 , Piry et al. 1999 , which tests for heterozygosity excess caused by recent reduction of the effective population size (Piry et al. 1999) . We used the Wilcoxon test under the two-phase mutation model with 95% single-step mutations. We also estimated the Garza-Williamson index (Garza and . We were interested to estimate the divergence time and the current effective population sizes for the two STRUCTURE populations (Spanish mainland and Mallorca Island, see Results) and for the ancestral population. We explored five scenarios, the simplest one containing one divergence event while the remaining four contained population size changes at different times after divergence in only one or both populations. We chose the default range of priors for effective population sizes and divergence times (10-10000) and set the conditions for the chronological order of historical events. We adopted the default Generalized Stepwise Mutation model (Estoup et al. 2002) and seven of 11 default summary statistics (four within-and three among-populations). With these settings, a total of 5000000 simulated data sets were calculated (1000000 per scenario); among them, the 50000 sets closest to the observed data according to the summary statistics were used for parameter estimation. We used the program Arlequin to obtain information about population differentiation, by performing an analysis of molecular variance (AMOVA) and calculating pairwise φ ST values between each of the sampling sites using pairwise differences and frequencies of haplotypes.
We studied demographic history by means of mismatch distribution analysis, which consists of computing the distribution of the observed number of differences between pairs of sequences in a sample. Unimodal distributions usually indicate an expansion event, whereas multimodal distributions are typical of populations at demographic equilibrium (Rogers and Harpending 1992) .
In addition, we carried out Tajima's D (Tajima 1989 ) and Fu's Fs (Fu 1997) neutrality tests, where a statistically significant negative value indicates a recent expansion event. We performed mismatch distribution analysis and the neutrality tests for the entire sample and for each sampling site using Arlequin and DnaSP.
The reed warbler mismatch distribution suggested an admixture of two previously isolated populations (see Results). Thus, we ran reed warbler data with DIY ABC to estimate the timing of this demographic event. We compared four scenarios, where the simplest one consisted of a population admixture at time t a and a previous population divergence at time t 2 .The remaining three scenarios followed the same basic setting but included population size changes at different times for (corresponding to 10000 and 20000 years for the study species), respectively. We used the Kimura two parameters mutation model (Kimura 1980) and all default summary statistics. A total of 4000000 simulated data sets were calculated (1000000 per scenario); among them, the 40000 sets closest to the observed data according to the summary statistics were used for parameter estimation.
Results
Reed warbler
Microsatellites
Using MICROCHECKER we found possible null alleles in loci Ase25, Ase37, Ase48 and ZL54.
We excluded these loci from calculations for the Hardy-Weinberg equilibrium, linkage disequilibrium and inbreeding coefficient, as well as from BOTTLENECK analysis, while for the other analyses we used all 16 loci. We found no evidences of large allele dropouts or scoring errors in the data set.
We found no significant deviations from Hardy-Weinberg equilibrium for any sampling site or for the entire data set. Linkage disequilibrium was found only for FhU2 and Pca3 in the Villafranca population and in the entire sample. Basic polymorphism parameters (Table 1) The program STRUCTURE attributed the highest likelihood (-2412) to K = 1, although K = 2 obtained a similar support (-2417) . ΔK showed a peak at K = 2, but as it is not possible to compute ΔK for K = 1, we could not compare the two hypotheses based on this statistic. The STRUCTURE bar plot obtained for K = 2 (Fig. 2 ) support the K = 1 hypothesis, because all individuals showed approximately equal probability of belonging to both of the two clusters. To detect a possible weak population structuring we repeated the analysis adding geographical information (LOCPRIOR model), but we obtained similar results. Therefore, the most supported hypothesis is the lack of a clear population structuring in the sample. Nonetheless, in two cases (Larache -Pego-Oliva and Villafranca -Mallorca) pairwise F ST values between sampling sites were significant, though low (Table 2) .
Using the program SPAGeDi, the regression between the kinship coefficients of individual pairs and the logarithm of the distances between sampling sites was significantly negative (r = -0.058, p = 0.042). However, given the low regression coefficient, this result does not represent a clear evidence for isolation by distance. Out of 68 birds, 25 (38%) were not assigned to their sampling sites (Table 3) by the assignment test. Two birds sampled at Mallorca were identified as first generation migrants and assigned to Pego-Oliva. Both individuals (a male with evident cloacal protuberance and a female with brood patch) were breeding when sampled, thus this result indicates possible evidence of dispersal.
We found no evidence of past bottlenecks according to the shapes of allele frequency distributions or excess of heterozygotes for the entire data set and for Larache and Villafranca samples (Table 1) . Pego-Oliva and Mallorca samples were too small to perform the analysis. The (Table 1) . However, the results of the latter two sites are poorly reliable due to the low sample size. Overall, we found no clear evidence of past bottlenecks.
Mitochondrial DNA
The 50 sequenced reed warblers belonged to 18 different haplotypes. The TCS cladogram (Fig. 3) show a star-like structure, with one dominant haplotype including 25 individuals (50% of the total) and 17 other haplotypes represented by few birds (1-4) . This structure suggests past population expansion events. Four birds resulted to be more related to the outgroup individual from Sweden than to the remaining Iberian/African sample (Fig. 3) . Haplotype and nucleotide diversities are reported in Table 4. AMOVA analysis did not detect any population differentiation (φ ST = -0.0087, p = 0.438), with 100% variation ascribed to differences within sampling sites. We obtained no significant pairwise φ ST values between study sites (Table 5 ).
According to the neutrality tests, we found signs of population expansion for Larache and, less clearly, for the entire data set. In fact, Tajima The ancient population size (before divergence) was estimated to be 5890 (95% CI 1430 -7820).
The 43 sequenced moustached warblers belonged to seven different haplotypes. Similarly to the reed warbler, TCS cladogram (Fig. 3) showed a star-like structure, suggesting past population expansion. A dominant haplotype included 35 individuals (81% of the total), while the other six haplotypes were represented by one or two birds. Compared to the reed warbler, haplotype and nucleotide diversity (Table 4) 
Discussion
Reed warbler
Our results indicate high gene flow between the sampling sites, suggesting high dispersal capability for the reed warblers. However, a weak but significant differentiation among some of the sampling sites (Table 2) The population divergence preceding the admixture, according to both DIY ABC scenarios (Fig. 5) , is posterior to the Last Glacial Maximum and could have been caused by the colonization of separated areas by individuals originating from the same glacial refugium. Due to the drier climate, wetland areas were probably scarcer than currently, thus making it plausible that habitats suitable for reed warblers were sparse and isolated enough to promote population divergence. mainland and Mallorca is likely to be limited not only by the distance, but also by the sea (c. 200 km wide) between the coast and the island. Thus, our results suggest that the sea forms an effective dispersal barrier and limits gene flow in moustached warblers, at least for our study populations.
For a warbler, crossing the sea implies the lack of resting and foraging opportunities until reaching land, resulting to more risky and difficult displacement than over the solid ground. The GENECLASS results suggest that limited dispersal from the mainland to Mallorca can occur.
However, it is possible that the classification of a breeding bird as a first generation migrant is not due to a real dispersal event, but to false detection due to small sample size or due to the sampling habitat. Like for reed warblers, breeding site fidelity in moustached warblers (Vadász et al. 2008) could also reduce dispersal. mtDNA showed evidence of past population growth, probably a sign of postglacial expansion. As for reed warblers, it is likely that moustached warbler populations were confined in glacial refugia and extended their range across Europe as the climate became warmer and wetter.
Taking into account the population structuring and the results of BOTTLENECK and coalescence analysis, we conclude that Mallorca has been recently colonized or re-colonized by individuals originating from the mainland. After the settlement of the breeding population, the limited gene flow produced the population structuring we observed.
Differences in population structure and demographic history between the two speciespossible explanations
The lower genetic differentiation found in reed warblers indicates a higher dispersal ability in them than in moustached warblers. This is consistent with Paradis et al. (1998) , who found long-distance migrants to have higher dispersal ability than sedentary or short-distance migrants. Also other researchers have reported lower intraspecific differentiation in migratory than in sedentary bird species (e.g. Gill et al. 1993 , Lovette et al. 1998 , Arguedas and Parker 2000 . Our results suggest that differences in dispersal ability between reed and moustached warblers also can result from different capability in crossing natural barriers, in this case stretches of sea. Migration routes of reed warblers include crossing the Mediterranean Sea, thus crossing this kind of a barrier is a necessary ability for this species. Conversely, migration of Spanish and French populations of moustached warblers mostly follow the Mediterranean coast (Castany 2003) and do not necessarily require crossing the sea, thus overcoming such a barrier is probably less common for these birds. Higher differentiation in moustached warblers could be also due to the smaller population size and the more discontinuous breeding range than in reed warblers. In fact, breeding areas of moustached warblers are more isolated from each other, making the exchange of individuals more difficult. In addition, Vadász et al. (2008) , studying several warbler species in Hungary, reported higher breeding site fidelity in moustached than in reed warblers. The authors hypothesized that the more specialized habitat preferences of moustached warblers limit the opportunities of finding new suitable areas, and that would result in reduced dispersal rates (Vadász et al. 2008) . Similar studies of the West Mediterranean moustached and reed warbler populations would be needed to assess if breeding site fidelity is higher for moustached warblers also in this area. Differences in wing morphology could also partly explain the difference in dispersal capability between the two species.
In fact, reed warblers have more pointed wings than moustached warblers (Kennerley and Pearson 2010) allowing greater flight efficiency (e.g. Norbert 1989).
Both species showed signs of postglacial expansions, consistently with the findings of other researchers studying European populations of wetland passerines (e. g. Hansson et al. 2008 , Neto et al. 2012 , Arbabi et al. 2014 . Haplotype diversity was higher for reed warblers, possibly because of a more important contribution of dispersal from different populations and the higher population size. Unlike in reed warblers, we did not find evidences of past population admixtures in moustached warblers, indicating that the postglacial expansion of these species evolved in different ways.
Conclusion
Despite the large distances between our sampling sites, we detected gene flow between sampling sites for both reed and moustached warblers, although partly restricted or even limited in the case of moustached warblers of Mallorca. These results suggest that both species are able to avoid the risk of isolation derived from breeding in a fragmented habitat. We found lower differentiation in reed warblers than in moustached warblers, indicating higher dispersal capability of reed warblers, a species migrating over longer distances, with higher population size and more continuous breeding range than moustached warblers. We did not find support for the occurrence of a new taxon of reed warbler breeding in Morocco. Additional information from other breeding areas is needed for moustached warblers in order to investigate population structuring and demographic history on a larger scale. For both species, further information about dispersal is needed from large-scale 
